Background-In normal subjects treadmill exercise usually produces the greatest maximal oxygen consumption (Vo2max). This may not be true for patients with severe chronic obstructive pulmonary disease (COPD) in whom bicycle exercise, which offers support for the shoulder girdle, may produce a higher oxygen consumption than treadmill exercise. The aim of this study was to determine which mode of exercise produced the greatest oxygen consumption in patients with severe COPD. Methods -Eight patients with severe COPD (forced expiratory volume in one second (FEVy) more than three standardised residuals below predicted) exercised to a symptom limited maximum on a bicycle and on a treadmill on separate days. The workload on the bicycle was increased by 10 watts each minute, and the treadmill gradient was increased by 2'5% alternate minutes whilst the speed remained constant. Measurements ofoxygen consumption (Vo2), ventilation (VE), heart rate, and oxygen saturation were made, and capillary blood gases were measured before and immediately after exercise. Lactate concentration was measured before and four minutes after exercise. Results -There were no differences at peak exercise between the two forms of exercise for Vo2 (median 11 7 and 12 2 ml/minlkg for bicycle and treadmill, respectively), for VE (median 26-6 and 25-0 /umin, respectively), and for heart rate (median 119 and 115 beats/min, respectively). The median lactate levels after bicycle exercise were higher than those after the treadmill (2.42 v 0.94 mmol/1).
The assessment of disability in patients with chronic obstructive pulmonary disease (COPD) usually requires some estimate of exercise capacity. It is possible that patients with severe COPD may find, conversely, that bicycle exercise is easier to achieve than unsupported treadmill exercise. On the cycle ergometer the upper limb muscles are supported and may prevent destabilisation of the respiratory muscles which may contribute to a poor performance.6 The physical support of the upper limbs may actually improve overall performance -for example, higher work rates, greater oxygen consumption, lower Borg scores. Determination of the greatest oxygen consumption is important for repeat measurements following pharmacological intervention or following a period of exercise training and, particularly for this category of patient, if it is used to assess suitability for pulmonary rehabilitation. We have tested the hypothesis that patients with severe COPD could generate a higher oxygen consumption on the cycle ergometer than by unsupported treadmill exercise. 
Mean Vlo2peak (ml/min/kg) Figure 1 Differences between bicycle and trea oxygen consumption Vo2peak (mllminlkg) plc the mean of the two measurements. Six patients cited dyspnoea as the reason for stopping bicycle exercise, whilst one patient cited both leg fatigue and dyspnoea, and one patient cited leg fatigue only. Five patients cited dyspnoea as the reason for stopping treadmill exercise, two patients cited leg fatigue and dyspnoea, and one patient cited leg fatigue only. Figure 2 shows the relation between the mean Borg breathlessness and exertion ratings against each workload increment for both modes ofexercise. Correlation coefficients were 0962 and 0 993, respectively, for the bicycle and 0 477 and 0 567, respectively, for the treadmill. Bicycle exercise produced a wider range of Borg scores and lower values of Vo2 during the initial stages of exercise.
Discussion
In normal individuals maximal oxygen consumption during treadmill exercise is generally higher than during bicycle exercise.412 In this study we found no significant difference in peak oxygen consumption, ventilation, and heart rate between the two modes of exercise. This supports work reported by Shuey et al5 from a study which used a steady state exercise test protocol and where the patients had less severe airways limitation (mean FEV, 1-2 1). The mean difference between bicycle and treadmill Vo2peak was within the 95% limits of agreement for between day reproducibility. However, individual variation was large -for example, two standard deviations for the differences between Vo2peak measurements was 6 0 ml/min/kg. This suggests that the two forms of exercise cannot be used interchangeably to determine peak oxygen consumption or to follow changes in exercise capacity.
The increase in blood lactate concentration was significantly greater following the bicycle exercise. This is in contrast to the findings of Shuey et al5 who found no difference in the lactate concentration for the two modes of exercise. This may be accounted for by the differences in the timing of the blood collection after exercise (immediately versus four minutes after exercise), and from the smaller number of patients tested (four versus eight). In a study comparing self-paced walking on a treadmill with steady state bicycle exercise at similar levels of Vo2 Cockcroft et al13 reported considerably higher levels of lactate during bicycle exercise in nine patients and higher levels of ventilation. Studies on normal subjects have shown that bicycle exercise produces a higher lactate response. Our study suggests that similar work rates were achieved as each mode of exercise produced a similar cardiorespiratory response. Whilst our calculated work rate for the treadmill was a little lower than that measured on the bicycle, this calculation is an underestimate because (1) friction is not accounted for; (2) a gradient of 0% gives a calculated work rate of Owatts regardless of treadmill speed; (3) depending on the economy of movement the workload will be different even if the same speed and gradient is set, so workload will vary due to the different movements of running and walking; and (4) the workload depends on the material of the treadmill surface and the shoes worn. The higher lactate response for the bicycle suggests differences in the rates of formation and clearance during cycling exercise compared with walking exercise. Cycling was an unfamiliar form of exercise for these patients. The use of unfamiliar types of exercise may be the most appropriate way to elicit a lactate response in such patients where its absence precludes a patient from entering an exercise training rehabilitation programme. They might also be employed to monitor the effects of such a programme where other instruments have proved insensitive to subtle changes in overall aerobic fitness. This warrants further investigation.
Only one quarter of the patients (subjects 6 and 8) had an anaerobic threshold that could be detected by the modified V-slope method (carbon dioxide production versus Vo2) described by Sue et al.l4 These patients also had the highest lactate response for bicycle exercise, and this approached or exceeded the 4 mmol/l threshold level (4-31 and 3-76 mmol/l, respectively). Alternatively, three patients had a significant increase in lactate concentration (>2 0 mmol/l) following bicycle exercise, whilst none had a significant rise following treadmill exercise. The number of patients with a detectable anaerobic threshold in this study is considerably less than the numbers reported by Sue et al who found that two thirds of the patients studied had an anaerobic threshold that could be detected by this method. This might be explained by a difference in the disease severity of the patients studied (mean FEV, 1 23 1 versus 0-69 1) and the higher levels of ventilation achieved (mean VE at peak exercise, 51 6 1/min versus 27 7 1/min).
The most common reason for terminating exercise was dyspnoea. This is contrary to the findings of Killian et al3 who found 43% of patients rated leg effort more highly than dyspnoea following bicycle exercise. The development of dyspnoea sufficient to stop exercising before the onset ofleg fatigue reflects the markedly diminished ventilatory reserves found in this group. The wider range of Borg scores and lower Vo2 measurements during the initial stages of bicycle exercise suggest that a more gentle introduction is achieved by supporting the body weight. The stronger association between these variables is reflected in the higher correlation coefficients for the bicycle compared with the treadmill.
The small number ofpatients studied reflects the difficulty in carrying out a study of this type, where sufficient numbers still able to perform some exercise and remain stable throughout the study period are difficult to recruit. Although the number of patients studied was small, there were no clear differences between the ventilation and heart rate responses to the two modes ofexercise. Individual variability was large, however, therefore the best exercise performance in this type ofpatient cannot be predicted and the two forms of exercise are not interchangeable. The highest Vo2 might only be determined if both types of test were carried out. These results do not support the hypothesis that patients with severe COPD will achieve a better performance during exercise which provides support for the upper limb muscles than at unsupported exercise. Nevertheless, bicycle exercise produced similar Vo2peak measurements, a greater lactate response, and a more gentle introduction compared with treadmill exercise.
